The high frequency 'H and l3C NM R spectra (at 500 and 75.47 M Hz, respectively) of N-allyl-N-norm etazocine (NAM ) hydrochloride in :H 20 solution were run and fully analyzed with the aid of both homonuclear 'H -'H and heteronuclear 13C -'H chemical shift correlation experiments. Selective broadening of the signals of the protons in 3-, 4-, 8-, 9-, 12-positions was observed at tem peratures < 350 K. This was found to be consistent with an inversion process occurring be tween the N -equatorial and N -axial configurational isomers of NAM whose rate of exchange is of the same order of magnitude of the chemical shifts differences at 500 MHz. The increase of tem perature at 350 K is thus adequate to make "fast" the process in the N M R time scale and then to resolve the spectral portions.
Introduction
O ur previous investigations [1] [2] [3] [4] which were p er formed by using 13C NMR spin-lattice relaxation times and two-dimensional 'H -'H chemical shift correlation spectroscopy, suggested that the internal conformational dynamics of the N-alkyl group in m orphine, oxymorphone, nalorphine, naloxone and naltrexone, could be important in determ ining the agonist-antagonist receptor m ediated actions of these molecules. In particular, the observed trend of decreasing conformational flexibility about N -C and C -C bonds of the N-substituent, with corresponding increase of the relative antagonistic potency, ap peared interesting and worthy of further investiga tions on additional compounds.
With this in mind, we initiated the study of a term of the benzomorphan series, namely N-allyl-N-normetazocine* (N A M ), whose synthesis and antagonis tic activity were described some time ago [5 -10] . In the present paper we therefore report the results of the 'H and 13C NM R full spectral analysis of NAM in aqueous solution. Assignments and deduction of the spectral param eters for NAM were aided from both hom onuclear [11] 'H -'H and heteronuclear [12] *H-l3C chemical shift correlations.
A recent very high field !H NMR study [13] of morphine-nalorphine and oxymorphone-naloxone pairs in aqueous and non aqueous solutions gave a significant contribution, in agreem ent with some our observations, for the elucidation of the conforma tional properties of these molecules.
The 13C NM R spectra of a series of 6,7-benzomorphan derivatives have been reported and discussed by Casy in a recent study [14] .
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Experimental
The sample of NAM (m.p. 202 °C) was obtained from N ID A , USA.
The 'H NM R spectra and shift correlation experi ments (COSY 45 and COSY LR) [11] were run on a B ruker WM 500 spectrom eter operating at 500 M Hz, upgraded with an Aspect 3000 com puter and with standard param eters [2, 3] , The solutions were 10 mM in 2H 20 (CEA France) with a trace of sodium trimethylsilyl(2,2,3,3-2H 4)proprionate (TSP) as internal reference.
The 13C NM R spectra were obtained on a Bruker MSL 300 spectrom eter operating at 75.47 MHz, under broad band proton decoupling, on 0.08 M sol utions in 2H 20 at 300 K. Dioxane was used as chemi cal shift reference (c3 = +67.8 ppm from TMS).
13C -*H chemical shift correlation was accom plished by using the pulse sequence described by Bax [12] in order to remove the *H-[H couplings from the proton dimension. In this experiment the 13C and 'H ( via decoupler channel) 90 degree pulse lengths were 7 and 17 jus, respectively.
Simulations of some component patterns of the 'H NM R spectrum were made by using the LAO-CO O N II com puter program [15] .
Results and Discussion
!H N M R spectrum. -The one-dimensional spec tra of NAM at 305 and 350 K are shown in Fig. 1 . The analysis was perform ed on the spectrum run at high er tem perature, because a severe broadening of the multiplets pertinent to the protons in 3-, 4-, 8 -, 9-and 12-position occurs at tem peratures lower than 350 K. The interchange, at neutral pH , between the N-axial and the N -equatorial configurations of N A M , is re sponsible of such a tem perature effect, which is es sentially analogous to that found [3, 13] in morphine and nalorphine, whose spectra sharpen at 345 and 330 K, respectively. A t lower tem peratures, the lines broaden due to the rate of the exchange process be tween the two diastereoisomers which, in the 500 MHz NM R time scale, is "slow" , i.e., of the same order of magnitude of the chemical shifts dif ference between the corresponding protons of the two configurational isomers.
The spectral analysis was started with identifica tion and assignment of Me-10 and Me-11 resonances at highest field, that appear as a singlet and a dou blet, respectively, owing to the coupling between H -l 1 and H-9 (6 Hz). Detection of H-9 (quartet of dou blets) and H -l (quadruplet, spaced by 7(1,9) -3 Hz, 7(1,8 a ) = 6.2 Hz) multiplets was therefore easy on correlative basis. The H -l coupled resonance of H -8 a (doublet of doublets) was then recognised to gether with the correlated one due to H-8/8 (doublet, spaced by J (8a ,8ß ) = 19 Hz). The 2D method al lowed also identification of the set of correlated reso nances due to the nuclei H -3a (triplet of doublets; J (3 a ,3 ß ) = 13.5 Hz; 7(3a,4a) = 14 Hz; J{3a,4ß) = 1.8 Hz), H-3/3 (quartet of doublets; 7(3/3,4 a ) = 5 Hz; 7(3/3,4/3) = 3.5 Hz), H -4a (triplet of doublets; J (4 a ,4 ß ) = 15 Hz; 7(3a,4a) = 14 Hz; 7(3/3,4 a ) = 4.8 Hz), H-4/3 (quartet of doublets). The relative as signment (^H-3a,H-4/3 < ^H-Aa.H-Aß) was made on the basis of shielding effects considerations.
The analysis of the ABC-type spin system at low est field, due to H -l', H -3', H -4', was straightfor ward. The long range coupling 7(1',4') of ca. 0.5 Hz not entirely, isochronous: their resonances are very close (differential shift 0.04 ppm ), so that, in the place of the two expected doublets of doublets, seven resonance lines simmetrically centered with respect to the highest intensity one are produced. The H-10 nucleus gives rise to ten lines, of separate intensities, in the place of the expected 16 lines, while each pro ton 14 and 14' gives rise to a quadruplet. Selective decouplings produced simplification of the multiplets thus allowing detection of J values useful for simula tion and iterative refinem ent of spectral param eters for the whole spin system. Very small long-range couplings between the protons in 12-and 14-posi tions were detected on the COSY LR spectrum.
The experim ental J values for the protons in 1-, 3-, 4 -and 9 -positions did not allow to establish, in unam biguous way, by the use of the Karplus relationship [16] , the conformation about C ( l) -C(9) and C(3) -C(4) bonds.
Based on the experim ental 7(1,8 a) and 7(1,8/3) values, the angles of ca. 28° and ca. 90° could be estim ated between the axes C -H ( l) , C -H (8a ) and C -H ( l ) , C -H ( 8yS), respectively, which fit a slightly distorted chair conformation of the C ( l ) -N -C ( 3 ) -C ( 4 ) -C ( 5 ) -C ( 9 ) ring much better than a boat form. This finding is consistent with re tention of the chair conformation found in the crystal [17] ; a chair conformation of the piperidinic ring, moreover, was suggested by 'H and 13C NMR inves tigations on the related m orphine, oxym orphone, naloxone and metazocine molecules [2, 3, 13, 14] to be retained in the solution state.
The small differential shift of H-12 and H-12' ap pears of interest and worthy of further discussion, when considering that the A v value of 0.04 ppm is smaller than that found [2] for the N-methylenic pro tons in the more rigid analogous fragment of nalox one (0.08 ppm) and naltrexone (0.37 ppm). Even if a free rotation or, alternatively, an almost equivalent shielding in a rigid conformation about N -C (1 2 ) bond, cannot be excluded a priori, the H-12 and H-12' nuclei could be not so far from to be isochron ous due to conformational flexibility of the Nmethyl-allyl group in NAM . Such a flexibility should be more marked than in naloxone and naltrexone, and less marked than in nalorphine. A check by means of 13C NMR spin lattice relaxation times measurements and analysis for NAM (in the course) is needed, in order to verify, as made for previously investigated [3, 4] com pounds, the above suggested relationship between conformational flexibility and differential shift of N-methylenic protons.
I3C N M R spectrum. -The high frequency (75.47 MHz) spectrum of NAM (Fig. 2) in aqueous medium shows the separate resonances of corre sponding carbons of the N -equatorial (m ajor) and N -axial (m inor) configurations of the molecule. Con sequently there is, at such high field, no need for strong acidification in order to make "slow" the rate of the axial-equatorial interconversion process in the NMR time scale. The addition of acid was used be fore for m orphine and nalorphine to identify and iso late [4, 18] the spectral com ponents. Now by means of the high field spectrom eter the configurational isomers could be located at the physiologically more significant neutral pH value: the chemical shift dif ferences between the carbons involved in the config urational change (Table II) are, at 75.47 MHz, larger than the rate of exchange between the two isomeric forms. The ratio of the populations was evaluated as ca. 80:20, based on peak intensities. The peak assignments, which were firstly made on the basis of chemical shifts data for 6,7-benzomorphans [14] , were confirmed by using 13C -L H correla tion experim ents (Fig. 3) . * Assignments uncertain; ** assignments uncertain. 
• -= = = = = -CM 4^ X CHj II» -U-_____ C H j The criteria of configurational assignment of sub stituted piperidines [19] , which were already used for distinguishing N-methyl resonances of N-axial and N -equatorial isomers of quaternary salt of a-m etazocine [14] , applied also in the case of the re lated N-allyl derivative NAM. T herefore, of the two N-methylenic (C-12) resonances observed for NAM, that at higher field (m inor form, 55.41 ppm) and that at lower field (m ajor form, 57.45 ppm) could be safe ly assigned to the N -axial and N -equatorial configura tions, respectively. Such an assignment of N-diastereoisomers is corroborated by the X-ray structure analysis of NAM [17] showing that this molecule adopts in the crystal also the N -equatorial configura tion. Previous [18] interpretation of 13C NMR data led to the assignment of the m ajor isomer (^-eq u a to rial) for the structurally related to NAM morphine and nalorphine molecules.
In the spectrum of NAM the peaks pertinent to the carbons of the single N -equatorial diastereoisomer can be thus selected for spin lattice relaxation times (TO measurements. The analysis of these data in terms of conformational flexibility of NAM is ex pected to provide new additional information sup porting our recently suggested [4] Snyder's-type modified model of dynamic regulation of the opioid receptor. 
